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Description 

This invention relates to processes effective to reduce emission of sulfur oxides, e.g.. to the atmosphere, and to 
compositions useful in such processes. In one specific embodiment the invention involves a process for catalytic cracking 
5 sulfur-containing hydrocarbon feedstocks in a manner to effect a reduction in the amount of sulfur oxides emitted from 
the regeneration zone of a hydrocarbon catalytic cracking unit and to a catalyst composition useful in such catalytic 
cracking process. 

Typically, catalytic cracking of hydrocarbons takes place in a reaction zone at hydrocarbon cracking conditions to 
produce at least one hydrocarbon product and to cause carbonaceous material (coke) to be deposited on the catalyst. 
10 Additionally, some sulfur, originally present in the feed hydrocarbons may also be deposited, e.g., as a component of 
the coke, on the catalyst. It has been reported that approximately 50% of the feed sulfur is converted to H2S in the FCC 
reactor, 40% remains in the liquid products and about 10% is deposited on the catalyst. These amounts vary with the 
type of feed, rate of hydrocarbon recycle, steam stripping rate, the type of catalyst, reactor temperature, etc. 

Sulfur-containing coke deposits tend to deactivate cracking catalyst. Cracking catalyst is advantageously continu- 
es ously regenerated, by combustion with oxygen-containing gas in a regeneration zone, to low coke levels, typically below 
about 0.4% by weight, to perform satisfactorily when it is recycled to the reactor. In the regeneration zone, at least a 
portion of sulfur, along with carbon and hydrogen, which is deposited on the catalyst, is oxidized and leaves in the form 
of sulfur oxides, i.e., SO* SO3 and mixtures thereof, along with substantial amounts of CO, CO ? and H2O. 

Considerable recent research effort has been directed to the reduction of sulfur oxide emissions from the regener- 
20 ation zones of hydrocarbon catalytic cracking units. One technique involves circulating one or more metal oxides, capable 
of associating with oxides of sulfur, with the cracking catalyst inventory in the regeneration zone. When the particles 
containing associated oxides of sulfur are thereafter circulated to the reducing atmosphere of the cracking zone, the 
associated sulfur compounds are released as gaseous sulfur-bearing material, such as hydrogen sulfide, which is dis- 
charged with the products from the cracking zone in a form which can be readily handled in a typical facility, e.g., a 
25 petroleum refinery. The metal oxide reactant is regenerated to an active form, and is capable of further associating with 
sulfur oxides when cycled to the regeneration zone. 

U.S. Patent No. 4,472,267 presents a summary of the early published work on reducing sulfur oxide emissions from 
catalytic cracking units. 

Perovskites have been disclosed as cracking catalysts. See U.S. Patent 4,055,513. The ideal perovskite crystalline 

30 structure is defined by the empirical formula ABO3 in which A and B are cations of two different metals and in which the 
A cation is coordinated to twelve oxygen atoms while the B cation occupies octahedral sites and is coordinated to six 
oxygen atoms. For example, the compound LaMn03 has the ideal perovskite structure while other materials, such as 
Lao 7 Sr o 3 Mn °3. which exhibit a variety of other structures are still classed as perovskite-type components. U.S. Patent 
4,055,513 does not disclose, and is not concerned with, reducing sulfur oxide emissions. 

35 The mineral perovskite (CaTi03> possesses a cubic crystal structure at elevated temperatures. An extensive dis- 
cussion of "PEROVSKITE-RELATED OXIDES AS OXIDATION-REDUCTION CATALYSTS" has been presented by R. 
J. H. Voorhoeve in Chapter 5 of "Advanced Materials in Catalysis", J. J. Buraton and R. L. Garten, Academic Press 
(1 977). In addition, properties of perovskite-type catalysts have been reported by Nakamura et al. in "Bulletin of Chemical 
Society of Japan", vol. 55 (1982) at pages 394-399, and in "Journal of Catalysis", vol. 83 (1983) at pages 151 -159; and 

40 by Happel et al, in "Ind. Eng. Chem. Product Research Development", vol. 14 (1975) at pages 164-168. Catalyst prep- 
aration has been discussed by Johnson et al. in "Ceramic Bulletin", vol. 56 (1977) at pages 785-788; and in U.S. Patent 
No. 4,055,513. Nakamura et al. investigated oxidation-reduction properties of lanthanum cobaltate, substituted with a 
minor proportion of strontium, in the oxidation of carbon monoxide and reduction of nitric oxide, as in automotive exhausts, 
and extended their studies to include oxidation of methanol and propane. Happel et al. employed lanthanum titanate for 

45 the reduction of S0 2> to elemental sulfur, with carbon monoxide. Johnson et al. prepared lanthanum manganates, sub- 
stituted with either strontium or lead, impregnated on ceramic supports for more homogeneous distribution and higher 
activity for CO oxidation. In U.S. Patent No. 4,055,513, supported perovskites were prepared in which the support com- 
prised a metal oxide, such as alumina, having a surface coating of a spinel. 

Cobaltate perovskites have been suggested as substitutes for noble metals in electro-reactions and as catalysts for 

so use in the oxidation of CO in automotive exhausts as well as for the reduction of NO therein. Such catalysts have found 
little use in automotive systems because of their deactivation by sulfur oxides. See the work presented by R. J. H. Voorho- 
eve, noted above. 

In EP-A-0 208 220 there is disclosed a process for removing a gaseous sulfur component from a mixture of gases 
containing sulfur oxides which comprises contacting said mixture of gases containing sulfur oxides at 426 to 816°C with 
55 a composite containing a porous refractory support bearing as a first component (i) at least one of bismuth, chromium 
or a rare earth metal and as a second component (ii) at least one alkali metal. These compositions may commonly be 
prepared by immersing the support, typically y-alumina of 20 to 200 jim particle size in aqueous solutions of water- 
soluble compounds of the component metals. It is possible to add all the metals of the two components separately or 
in one operation. 
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However, the individual components are deposited on the support as hydroxides or oxides, wherein the structure 
of these compounds is not disclosed. Further, only binary compositions are formed on the support. 

US-Patent 3,931,393 discloses a process for removing sulfur dioxide from a gas stream containing sulfur dioxide 
comprising passing a gas stream containing sulfur dioxide and a sufficient amount of carton monoxide and/or hydrogen 

s to reduce at least a portion of said sulfur dioxide to elemental sulfur through a reaction chamber containing a material 
x U2O3 * y C02O3. wherein x and y are varied independently from 1 to 3, inclusive (including non-integers) to catalytically 
reduce sulfur dioxide to elemental sulfur. The reaction is conducted exclusively under redudng conditions adding carbon 
monoxide to the gas stream whereby sulfur dioxide contained in said gas stream is reduced to elemental sulfur. The La- 
Co-compound is impregnated on a conventional carrier such as zirconia, thoria, magnesia, alumina, silica-alumina and 

10 the like and is utilized at temperatures in the range of 450 to 700°C. 

Finally, in US-Patent 4,134,852 a process for synthesizing a mixed metal oxid catalyst material comprising at least 
one platinum group metal is disdosed. The mixed metal oxide catalyst is prepared by grinding and heating a mixture of 
powders obtaining a mechanically-alloyed powder which will convert on heat treatment to an essentially single phase 
structure and crystal structure and heating said mechanically-alloyed powder in an oxidizing atmosphere to effect con- 

15 version to said mixed metal oxide catalyst materia!. This catalyst is used for the purification of automotive exhaust 
streams. 

There continues to be a need for materials used for reducing sulfur oxide atmospheric emissions, in particular from 
hydrocarbon conversion operations. 

20 SUMMARY OF THE INVENTION 

A composition and process useful for the removal of sulfur oxides from a gas has been discovered. In one general 
aspect, the present process comprises contacting a sulfur oxide-containing gas with at least one of certain metal, oxygen- 
containing components (hereinafter referred to as MOCs) at conditions effective to associate sulfur oxides with the MOC 

25 to reduce the sulfur oxide content of the gas; and contacting the MOC containing associated sulfur oxides at conditions 
effective to reduce the sulfur, e.g., sulfur oxide, content of the MOC. In another general asped, the invention involves a 
composition of matter comprising, in intimate admixture, a major amount of solid particles capable of promoting hydro- 
carbon conversion and a minor amount of different discrete entities comprising at least one MOC. In a further general 
aspect, the invention involves a process for converting a sulfur-containing hydrocarbon feedstock using the present 

30 composition as catalyst. Reduced sulfur oxide atmospheric emissions are achieved. 

The present invention provides substantial advantages. For example, the presently useful MOCs often have sub- 
stantial capadty to assodate and disassociate with sulfur oxides. This property or feature allows the MOCs to be used 
repeatedly or cyclidy to remove sulfur oxide from gas. In addition, the MOC may have certain hydrocarbon conversion 
catalytic properties which enhance the catalytic performance or overall performance of the present composition of matter 

35 and hydrocarbon conversion process. In many instances, the present MOCs can be utilized in a hydrocarbon conversion, 
e.g., cracking, process in which the catalyst regeneration zone is operated in a partial combustion mode. Further, the 
presently useful MOCs are relatively easy to manufacture and are effective to reduce sulfur oxide atmospheric emissions. 

DISCUSSION OF THE INVENTION 

40 

One embodiment of the present invention involves contacting sulfur oxide-containing gases, e.g., combustion prod- 
ucts from combustion zones, with one or more of the presently useful MOCs. Reduced emission of sulfur oxides, e.g., 
reduced atmospheric emission of sulfur oxides from the combustion zones, are achieved as a result of this contacting. 

Conditions within such contacting zones are effective to associate at least a portion of the sulfur oxide in the gas 
45 with the MOC. For example, such conditions often include those typically used in contact zones employing conventional 
sulfur oxide removal agents. The amount of the presently useful MOC used to contact a sulfur oxide-containing gas is 
sufficient to reduce the sulfur oxide content of the gas, preferably, by at least about 50% and more preferably by at least 
about 80%. The MOC containing associated sulfur oxides may be contacted at conditions effective to reduce the amount 
of sulfur, e.g., sulfur oxides, associated with the MOC. This sulfur oxide reduction contacting preferably occurs such that 
so at least about 50% and more preferably at least about 80% of the sulfur assodated with the MOC is removed. 

Such reduction conditions preferably include temperatures in the range of about 482°C (900° F.) to about 982°C 
(1800° F.) and pressures in the range of about 1.013 Bar (0 psig) to about 7.908 Bar (100 psig). A reducing medium,, 
e.g., hydrogen, hydrocarbon and the like, is preferably present. The amount of reducing medium present is preferably 
such that the mole ratio of redudng medium to associated sulfur is in the range of about 1 to about 10. Once the amount 
55 of assodated sulfur oxide is reduced the MOC can be cyded back to the sulfur oxide contacting step, this cyclic process 
can be carried out repeatedly 

The presently useful MOC may be present in the combustion zone. Typical combustion zones include, for example, 
fluid bed coal burning steam boilers and fluid sand bed waste combustors. In the coal fired boiler application, the present 
MOC may be added, either separately or with the sulfur-containing coal, to the combustion zone, e.g., boiler, where 
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combustion takes place. TTie present MOC then leaves the combustion zone with the coal ash and can be separated 
from the ash, e.g., by screening, density separation, or other weir known solids separation techniques. 

In one embodiment, the sulfur oxide-containing gases are contacted with the presently useful MOC at conditions 
to reduce the sulfur oxide content of the gases in one or more zones, e.g., separate from the combustion zone. In any 
s event, the flue gases leaving the combustion zone/contacting zone system have reduced amounts of sulfur oxide, e.g., 
relative to processing in the absence of the presently useful MOC. 

In one embodiment, the metal, oxygen-containing component MOC, useful in the present invention has an empirical 
formula selected from the following: 

10 W modified perovskrtes A 1 . x M x B 1 . y M' y 0 3 _ Zl 
( 2 ) pyrochlores A 2 B20 7 . W and 
M modified pyrochlores A 2 - u M u B2.vM , v 0 7 . w 

in which A is selected from the group consisting of lanthanide series metals, alkaline earth metals, sodium, potassium, 

75 cesium and mixtures thereof; M is different from A, B and M' and is selected from the group consisting of alkaline earth 
metals, Group VIII metals, manganese, lead, zinc, thorium, yttrium, cerium and mixtures thereof; B and M' are different 
from each other, preferably have higher oxidation states than A and M, and are independently selected from the group 
consisting of Group VIII metals, magnesium, titanium, manganese, copper, aluminum, niobium, tantalum, chromium, 
gallium, zirconium, vanadium, molybdenum, antimony, bismuth, tin, tungsten and mixtures thereof. The symbols x and 

20 y are independently selected between and including zero (0) and 1 so that the total number of positive charges from A, 
M, B and M* in empirical formula (1) is within the range of about 5 to about 7, preferably about 5.5 to about 6.5 and in 
particular about 6. The symbols u and v are independently selected between and including zero (0) and 2 so that the 
total number of positive charges from A, M, B and M' is within the range of about 12 to about 16, preferably about 13 to 
about 15 and in particular about 14. The symbol z is in the range of about -0.5 to about 0.5. The symbol wis in the range 

25 of about -1 to about 1 . With regard to (1 ) above, not all of x, y and z are zero (0) and x and y are greater than 0 and less 
than 1 . When B is niobium, A is selected from sodium, potassium, cesium and mixtures thereof. Preferably, the symbol 
z is in the range of about -0.25 to about 0.25, and the symbol w is in the range of about -0.5 to about 0.5. 

The MOCs included in the empirical formula (1) may be referred to as modified perovskite-type components or 
MPCs. in the MPCs, the metals, i.e., A, M, B and M' are preferably sized so as to be theoretically capable of being 

30 accommodated in an ideal perovskite structure, as described above. Hmen'rtes and modified ilmenites are also included 
in the MOCs having empirical formula (1). For ease of identification all the MOCs included in empirical formula (1) shall 
be hereinafter referred to as modified perovskite-type components or MPCs. 

The MOCs included in empirical formula (2) are often referred to as pyrochlores, while the MOCs included in empirical 
formula (3) can be referred to as modified pyrochlores. 

35 In one embodiment, the presently useful MOC has an empirical formula such that the amount of contained oxygen 
is reduced relative to that amount required to charge balance the component. Such MOCs can be said to have an oxygen 
deficiency or deficit. This oxygen deficiency may play a role in the effectiveness of such MOCs in reducing sulfur oxide 
emissions. In any event such oxygen deficient MOCs are useful as sulfur oxide reduction or removal agents. In addition, 
the presently useful oxygen deficient MOCs may have beneficial catalytic properties, e.g., as a catalyst to promote the 

40 conversion, in particular the cracking, of hydrocarbons. Preferably, the oxygen deficient MOCs include more than one 
metal and/or one metal in two different oxidation states. The extent of the oxygen deficiency is preferably (ess than about 
20%, more preferably less than about 10%. In other words, the amount of oxygen included in the oxygen deficient MOCs 
is preferably more than about 80%, and more preferably more than about 90%, of the oxygen required to fully charge 
balance the MOC. Examples of such oxygen deficient MOCs include certain of those MOCs having empirical formulas 

45 (1 ), (2) and (3) above, where z and w are positive. 

The presently useful MOCs may be a crystalline compound, an amorphorous compound, a solid solution, or other 
form of material. The fresh or virgin MOC preferably comprises one or more metals and oxygen, and is substantially 
free of other elements, in particular such elements which may have a substantial detrimental effect on the use of the 
MOC as a sulfur oxide reduction or removal agent. 

so The lanthanide series metals are often referred to as the rare earth metals. These include lanthanum, cerium, 
praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium and lutetium. 

Various metals are preferred for use in the MOCs, in particular the MPCS. For example, A is preferably selected 
from the group consisting of lanthanide series metals and mixtures thereof, in particular lanthanum, cerium, neodymium 

55 and mixtures thereof. The metal M is preferably selected from the group consisting of alkaline earth metals, cobalt, iron, 
nickel, manganese and mixtures thereof. The metal B is preferably selected from the group consisting of cobalt, iron, 
nickel, ruthenium, titanium, vanadium, manganese, copper, aluminum, chromium, gallium and mixtures thereof. The 
metal M' is preferably selected from the group consisting of magnesium, aluminum, vanadium, the platinum group metals 
and mixtures thereof. 
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As noted above, not all of x, y and z are zero in any one MPC. For example, x may be in the range of about 0.01 to 
about 0.99, preferably about 0.05 to about 0.9, and y equal to zero. Conversely, x may be equal to zero and y may be 
in the range of about 0.01 to about 0.99, preferably about 0.05 to about 0.9. In one embodiment, x and y are independently 
in the range of about 0.01 to about 0.99, more preferably about 0.05 to about 0.9. In each of the embodiments noted in 

5 this paragraph, z may be zero. 

In one embodiment, the symbols z and w are chosen to make the MOC electrically balanced or neutral. 
Among the MOCs contemplated for use in the present invention are the following: A^.JSAJBO z . z ; AB^yM'yO^; Aj. 
yPA x B^</A' v O$. z ; 2B2O7V A^.JAJBfij.^: and A 2 . U M U B 2 . V M' V 07. W . More specific examples of such MOCs include: La^ 
x Sr x CoQ 3 . z ; La 1 . x Pb^Co0 3 . z ; La^ThxCoC^; Nd^xS^CoO^; La^xBaxCoO^; CaTi^yMgyO^; SrTVyAlyO^; 

10 YMn0 3 ; FeTi0 3 ; MgTi0 3 ; CoTi0 3 ; NiTi0 3 ; MnTi0 3 ; NiMn0 3 ; CoMn0 3 ; NaSb0 3 ; MgMn0 3 ; MgFe0 3 ; MgCo0 3 ; LaFe0 3 ; 
LaV0 3 ; U Vx p bx Mn 03-z". La^g^eC^; Lai- x MgxM n 03-z; CeAlj.yMgyO^; NaNb0 3 ; NaNbi.yAlyO^; La-i.xMgxNiOs. 
2 ; LaNi^yMgyO^; LaCo^yPtyO^ (Pt may be substituted for in whole or in part by one or more of the other platinum 
group metals): La 1 .xK x Mn 1 .yRuy0 3 . z ; and Lao.6Sr 0 .4Co 0 .94^.03Ruo.o30 3 . 

The MOCs useful in this invention can be produced in any suitable manner. Naturally occurring MOCs may be 

is employed. Also, naturally occurring perovskites can be modified to obtain certain of the MPCs. The MOCs are preferably 
synthetically prepared, e.g., by coprecipitation, of predetermined proportions of the various metals from liquids, e.g., 
aqueous media, employing soluble salts such as chlorides, nitrates, acetates and the like. Coprecipitation may also be 
effected using oxides, hydroxides, carbonates, selected chelates such as oxalates and the like. The precipitate is pref- 
erably aged at temperatures to maintain a liquid phase in contact with the precipitate, more preferably in the range of 

20 about 20° C. to about 95° C. This aging may occur for widely varying periods of time, e.g., for a period of in the range 
of 4 hours or less to about 90 days or more. In one embodiment, the precipitate slurry is preferably aged for a time in 
the range of about 8 hours to about 48 hours, more preferably about 16 to about 30 hours, at ambient temperature. 
Coprecipitation may occur in the presence of an organic template reagent, such as a quaternary ammonium hydroxide 
or salt. 

25 The aged precipitate may be washed, dried and calcined in air to produce the MOC. The precipitate is desirably 
washed to remove extraneous ions which may interfere with the functioning of the MOC. the washed precipitate is dried, 
e.g., at a temperature of less than about 260°C (500° F.), to remove apparent moisture. The dried precipitate is calcined, 
preferably in air or other oxygen-containing medium, at a temperature suitable to remove water of hydration, preferably 
in the range of about 427°C (800° F.) to about 815.5°C (1500° F.) or more, more preferably about 482°C (900° F.) to 

30 about 81 5.5°C (1 500° F), and for a period of time preferably in the range of about 0.5 hour to about 24 hours or more, 
more preferably about 1 hour to about 1 0 hours, to convert the precipitate to the desired MOC. The MOC can be mechan- 
ically ground to obtain MOC discrete entities of the desired size and shape. Alternately, and preferably, the washed 
precipitate is spray dried, e.g., using conventional equipment and conditions, to produce spray dried particles which 
when calcined, e.g., at the above-noted conditions, provide MOC discrete entities of the desired shape and size. 

35 Certain MOCs, and in particular certain MPCs, are effectively prepared by a method which comprises contacting 
a component, preferably an oxide or oxide precursor, of at least one first metal with a component, preferably an oxide 
or oxide precursor, of at least one different second metal at conditions effective to thermally convert, preferably thermally 
condense, these components to form a two metal, oxygen-containing component including both the first and second 
metals. In one embodiment, the method further comprises subjecting the two metal, oxygen-containing component to 

40 effective reducing conditions, preferably in the presence of molecular hydrogen, to form a reduced two metal, oxygen- 
containing component including both first and second metals. These two metal, oxygen-containing components and 
reduced two metal oxygen-containing components may include more than two metals, and such multi-metal components 
are included within the scope of the present invention. The two metal, oxygen-containing components and reduced two 
metal, oxygen containing components formed are preferably MPCs. 

45 This method provides a very effective and relatively simple way of making MOCs and MPCs. For example, the ratio, 
of first metal components to second metal components may be easily chosen to form the desired final product. In addition, 
little or no reaction by-product is formed which requires disposal require disposable. 

Although any first metal component and second metal component may be utilized in this method, it is preferred that 
such components be selected from metal oxides, metal oxide precursors and mixtures thereof. By "metal oxide precur- 

50 sors" is meant those components which are effectively converted to metal oxides at the thermal conversion conditions 
of the contacting step. It is more preferred that the first and second metal components be metal oxides. 

The first metal is preferably chosen from metals designated above as A, M and mixtures thereof, while the second 
metal is preferably chosen from metals designated above as B, M' and mixtures thereof. More preferably, the first metal 
is selected from the group consisting of lanthanide series metals, Group VIII metals and mixtures thereof. The second 

55 metal is more preferably selected from the group consisting of Group VIII metals, titanium, vanadium, manganese, cop- 
per, aluminum, chromium, gallium, and mixtures thereof, and still more preferably from Group VIII metals, vanadium and 
mixtures thereof. 

The temperature employed in the thermal conversion or thermolysis reaction step varies depending, for example, 
on the type of first and second metal components used and the two metal, oxygen containing component desired to be 
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produced. Preferably, this temperature is in the range of about 427°C (800° F.) to about 81 5.5°C (1 500°F.) , more preferably 
about 482°C (900°F.) to about 732°C (1350°F). The first and second metal components may advantageously be finely 
ground and/or intimately mixed in order to facilitate, e.g., increase the rate of, the thermal conversion reaction or reactions. 
The contacting time is not critical, provided that sufficient time is allowed to obtain the desired product. Preferably, the 
thermal takes place for a period of time in the range of about 0.5 hour to about 24 hours or more. This contacting 
preferably occurs in an oxidizing or inert atmosphere, provided that sufficient oxygen is present to produce the desired 
two metal, oxygen-containing component. 

In certain instances, it is preferred to subject the two metal, oxygen-containing component to effective reducing 
conditions to obtain a reduced two metal, oxygen-containing component, which may be the desired MOC. the reducing 
conditions employed are not critical, provided that the two metal, oxygen-containing component is partially chemically 
reduced. Molecular hydrogen is the preferred reducing agent, although other such agents may be utilized. Reducing 
temperature and times are chosen based on the particular application involved. In many instances, a temperature of 
about 149°C (300°R) to about 815.5°C (1500°R) and a time in the range of about 0.1 hour to about 24 hours or more 
are utilized. 

This method is illustrated by the thermal conversion of La^and V2O5, Ce0 2 and V2O5, Fe^ and V^0 5 and Fe^ 
and U2O3 to form stable LaV0 4 , CeV0 3 , FeV0 4 , and LaFe0 3 , respectively. The LaV0 4 and FeV0 4 thus produced can 
be reduced, with molecular hydrogen, to LaV03 FeV0 3 , respectively. 

MPC's may be prepared by impregnating particles of perovskite with a predetermined amount of one or more metal 
salt solutions. The impregnated perovskite particles are dried, e.g., at a temperature of less than about 260°C (500° F.), 
and calcined, preferably in air or other oxygen-containing medium, at temperatures, e.g..in the range of about 427°C 
(800° R), to about 815.5°C (1500° F.) or more, and for a period of time, e.g., in the range of about 1 to about 24 hours 
or more, to form the desired MPC. 

If desired, the MOC or MOC precursor may be incorporated with/into solid particles of hydrocarbon conversion, e.g., 
cracking, catalyst and/or particles of porous support material which are substantially inert to the hydrocarbon conversion. 
Such incorporation can be performed using procedures which are conventional and well known in the art. 

The presently useful discrete entities preferably comprise a major amount, more preferably at least about 70% and 
still more preferably at least about 90%, by weight of one or more MOC. 

Substantially non-interfering proportions of other well known refractory material, e.g., inorganic oxides such as alu- 
mina, silica, silica-alumina, zirconia, thoria and the like, may be included in the present discrete entities. By substantially 
"non-interfering" is meant amounts of the material which do not have a substantial deleterious effect on the intended 
functioning of the present MOC, catalyst system, sulfur oxide removal process, or hydrocarbon conversion process, as 
the case might be. The inclusion of materials such as alumina, silica, silica-alumina, zirconia, thoria and the like into the 
present discrete entities may act to improve one or more of the functions and/or properties of the MOC. Free magnesia 
also may be included in the present discrete entities, e.g., using conventional techniques. For example, in one embod- 
iment the discrete entities preferably includes about 0. 1 % to about 30% by weight of free magnesia (calculated as MgO) . 
Such free magnesia may act to improve the effectiveness of the MPC to reduce sulfur oxide atmospheric emissions. 

The present discrete entities may further comprise at least one crystalline microporous three dimensional solid 
material. e.g., molecular sieve, capable of promoting the desired hydrocarbon conversion. Typical such materials are 
described elsewhere herein. Such materials may comprise about 1% to about 30%, for example, about 1% to about 
10%. by weight of the discrete entities. The presence of such materials in the present discrete entities acts to increase 
the overall catalytic activity of the solid particles-discrete entities catalyst system for promoting the desired hydrocarbon 
conversion. 

The thus-produced MOC-containing discrete entities may then be mixed with solid particles of hydrocarbon conver- 
sion catalyst and employed in hydrocarbon conversion. 

The preferred relative amounts of the solid particles and discrete entities are about 80 to about 99 parts and about 
1 to about 20 parts by weight, respectively. This catalyst system is especially effective for the catalytic cracking of a 
hydrocarbon feedstock to lighter, lower boiling products. 

In one embodiment, the MOC preferably has a surface area (by the conventional B.E.T. method) in the range of 
about 5m2/gm. to about 600m2/gm., more preferably about lOrriVgm. to about 400m2/gm., and still more preferably 
about 1 0rrvVgm. to about 200m2/gm. These relatively high surface areas have been found to provide for improved reduc- 
tion in sulfur oxide atmospheric emissions. 

The solid particles useful in the present invention are capable of promoting the desired hydrocarbon conversion. By 
"hydrocarbon conversion" is meant a chemical reaction or conversion in which one or more of the feed materials or 
reactants and/or one or more of the products (of the conversion) is substantially hydrocarbon in nature, e.g., comprises 
a major amount of weight of carbon and hydrogen. The presently useful solid particles are further characterized as 
having a composition (i.e., chemical make-up) which is different from the discrete entities. In one embodiment, the solid 
particles (or the solid particles portion of the combined particles described herein) are substantially free of MOC. 

The composition of the solid particles useful in the present invention is not critical, provided that such particles are 
capable of promoting the desired hydrocarbon conversion. Solid particles having widely varying compositions are con- 
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ventionally used as catalyst in such hydrocarbon conversion processes, the particular composition chosen being depend- 
ent for example, on the type of hydrocarbon chemical conversion desired. Thus, the solid particles suitable for use in 
the present invention include at least one of the natural or synthetic materials which are capable of promoting the desired 
hydrocarbon chemical conversion. For example, when the desired hydrocarbon conversion involves one or more of 

5 hydrocarbon cracking (preferably in the substantial absence of added free molecular hydrogen), disproportionation, 
isomerization, hydrocracking, reforming, dehydrocyclization, polymerization, alkylation and dealkylation, such suitable 
materials include acid-treated natural clays, such as montmorillonite, kaolin and berttonite clays; natural or synthetic 
amorphous materials, such as alumina, silica, silica-alumina, silica-magnesia and silica-zirconia composites; crystalline 
microporous three dimensional solid materials or CMSMs often referred to as molecular sieves, such as aluminosilicates, 

10 ALPOs. SAPOs, MeAPOs, MeAPSOs, ELAPOs, ELAPSOs and the like. Certain of these CMSMs materials are dis- 
cussed in U.S. Patents 4,310,440; 4,440,871 ; 4,500,651 ; and 4,503,023, each of which patents is incorporated by ref- 
erence herein. Certain of these CMSMs, e.g., the ALPOs, SAPOs. MeAPOs, MeAPSOs. ELAPOs and ELAPSOs. can 
be described with reference to the following paragraph and table from: Flaneaen et al. "Aluminophosphate Molecular 
Sieves and the Periodic Table, " published in the "New Developments and Zeolite Science Technology" Proceedings of 

15 the 7th International Zeolite Conference, edited by Y Murakami, A. lijima and J. W. Ward, pages 103-1 12 (1986), which 
is incorporated in its entirety herein by reference. 

The materials are classified into binary (2), ternary (3), quaternary (4), quinary (5), and senary (6) compositions 
based on the number of elements contained in the catonic framework sites of any given structure. A normalized TO2 
formula represents the relative concentration of framework elements in the composition, (El x Al y Pz)02, where El is the 

20 incorporated element and x, y and z are the mole fractions of the respective elements in the composition. Acronyms 
describing the framework composition are shown in Table 1 , e.g., SAPO = (Si, Al, P)Q2 composition. The structure type 
is indicated by an integer following the compositional acronym, e.g., SAPO-5 is a (Si, Al, P)0 2 composition with the type 
5 structure. The numbering of the structure type is arbitrary and bears no relationship to structural numbers used pre- 
viously in'the literature, e.g, ZSM-5, and only identifies structures found in the aluminophosphate-based molecular sieves. 

25 The same structure number is used for a common structure type with varying framework composition. 



TABLE I 



ACRONYMS FOR FRAMEWORK COMPOSITIONS 


TO 2 . T= 


Acronym 


T02.T= 


Acronym 


T0 2 , T= 


Acronym 


Si,AI,P 


SAPO 


. Me,AI,P,Si 


MeAPSO 


Other Elements: 








Fe.AI.RSi 


FAPSO 


EI.AI.P 


EIAPO 


Me,AI,P 


MeAPO 


Mg,AI,P,Si 


MAPSO 


EI.AI.P.Si 


EIAPSO 


Fe,AI,P 


FAPO 


Mn.AI.P.Si 


MnAPSO 






Mg,AI,P 


MAPO 


Co.AI.P,Si 


CoAPSO 






Mn.AI.P 


MnAPO 


Zn.AI.P.Si 


ZAPSO 


El = As,Be,B,Cr, 




Co.AI,P 


CoAPO 






Ga.U.V.Ti 




Zn,AI,P 


ZAPO 











45 In certain instances, e.g., hydrocarbon cracking and disproportionation, the solid particles preferably include such 
CMSMs to increase catalytic activity. Methods for preparing such solid particles and the combined solid particles-discrete 
entities particles are conventional and well known in the art. For example, crystalline aluminosilicate compositions can 
be made from alkali metal silicates and alkali metal aluminates so that they initially contain significant concentrations of 
alkali metals. Sodium tends to reduce the catalyst activity of the composition for hydrocarbon conversion reactions such 

so as hydrocarbon cracking and disproportionation. Accordingly, most or all of the sodium in the crystalline aluminosilicate 
is removed or replaced, e.g., with other metal cations such aluminum ions or ions of the rare earths, which are associated 
with the crystalline aluminosilicates. This can be accomplished by contacting the crystalline aluminosilicate with a source 
of hydrogen ions such as acids, or hydrogen precursors such as ammonium compounds. These procedures are thor- 
oughly described in U.S. Patents 3, 1 40.253 and RE. 27.639. 

55 Compositions of the solid particles which are particularly useful in the present invention are those in which the 
CMSM is incorporated in an amount effective to promote the desired hydrocarbon conversion, e.g., a catalytically effective 
amount, into a porous matrix which comprises, for example, amorphous material which may or may not be itself capable 
of promoting such hydrocarbon conversion. Included among such matrix materials are clays and amorphous composi- 
tions of alumina, silica, silica-alumina, magnesia, zirconia, mixtures of these and the like. The CMSM is preferably incor- 
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porated into the matrix material in amounts within the range of about 1% to about 75%, more preferably about 2% to 
about 50%, by weight of the total solid particles. The preparation of CMSM-amorphous matrix catalytic materials is 
described in the above-mentioned patents. Catalytically active CMSMs which are formed during and/or as part of the 
methods of manufacturing the solid particles, discrete entities and/or as part of the methods of manufacturing the solid 
particles, discrete entities and/or combined particles are within the scope of the present invention. 

The solid particles useful in the catalytic hydrocarbon cracking embodiment of the present invention may be any 
conventional catalyst capable of promoting hydrocarbon cracking at the conditions present in the reaction zone, i.e., 
hydrocarbon cracking conditions. Similarly, the catalytic activity of such solid particles is restored at the conditions present 
in the regeneration zona Typical among these conventional catalysts are those which comprise at least one CMSM 
having pore diameters of about 8 angstroms to about 1 5 angstroms and mixtures thereof. When the solid particles and/or 
discrete entities to be used in the hydrocarbon cracking embodiment of the present invention contain CMSMs, the 
CMSMs may include minor amounts of conventional metal promoters such as the rare earth metals, in particular, cerium. 

This invention can be used with the catalyst (solid particles and discrete entities) being disposed in any conventional 
reactor-regenerator system in fixed catalyst bed systems, in ebullating catalyst bed systems, in systems which involve 
continuously conveying or circulating catalyst between reaction zone and regeneration zone and the like. Circulating 
catalyst systems are preferred. Typical of the circulating catalyst bed systems are the conventional moving bed and 
f luidized bed reactor-regenerator systems. Both of these circulating bed systems are conventionally used in hydrocarbon 
conversion, e.g.. hydrocarbon cracking, operations with the fluidized catalyst bed reactor-regenerator systems being 
preferred. 

Although the presently useful solid particles and discrete entities may be used as a physical admixture of separate 
particles, in one embodiment, the discrete entities are combined as part of the solid particles. That is, the discrete entities, 
e.g., comprising calcined microspheres of the MOC, are combined with the solid particles, e.g., during the manufacture 
of the solid particles, to form combined particles which function as both the presently useful solid particles and discrete 
entities. In this embodiment the discrete entities are preferably a separate and distinct phase in the combined particles. 
One preferred method for providing the combined particles is to calcine the discrete entities prior to incorporating the 
discrete entities into the combined particles. 

The form, i.e., particle size and shape, of the present particles, e.g., both solid particles and discrete entities as well 
as the combined particles, is not critical to the present invention and may vary depending, for example, on the type of 
reaction-regeneration system employed. Such particles may be formed into any desired shape such as pills, cakes, 
extrudates, powders, granules, spheres and the like, using conventional methods. Where, for example, the final particles 
are designed for use as a fixed bed, the particles may preferably be formed into particles having a minimum dimension 
of at least about 0.254 mm (0.01 inch) and a maximum dimension of up to about 12.7 mm (one-half inch) or 25.4 mm 
(one inch) or more. Spherical particles having a diameter of about 0.771 mm (0.03 inch) to about 6.35 mm (0.25 inch), 
preferably about 0.771 mm (0.03 inch) to about 3.81 mm (0.15 inch), are often useful, especially in fixed bed or moving 
bed operations. With regard to fluidized systems, it is preferred that the major amount by weight of the particles have a 
diameter in the range of about 1 0 microns to about 250 microns, more preferably about 20 microns to about 1 50 microns. 

Although this invention is useful in many hydrocarbon conversions, the present catalyst, i.e., mixture comprising 
solid particles and discrete entities, and hydrocarbon conversion process find particular applicability in systems for the 
catalytic cracking of hydrocarbons where oxidative regeneration of catalyst is employed. Such catalytic hydrocarbon 
cracking often involves converting, i.e.. cracking, heavier or higher boiling components, to gasoline and other lower 
boiling components, such as hexane, hexene, pentane, pentene, butane, butylene, propane, propylene, ethane, ethylene, 
methane and mixtures thereof. Often, the substantially hydrocarbon feedstock comprises a gas oil fraction, e.g., derived 
from petroleum, shale oil, tar sand oil, coal and the like. Such feedstock may comprise a mixture of straight run, e.g., 
virgin, gas oil. Such gas oil fractions often boil primarily in the range of about 204°C (400° F.) to about 538°C (1000° F). 
Other substantially hydrocarbon feedstocks, e.g., naphtha, high boiling or heavy fractions of petroleum, petroleum resid- 
uum, shale oil, tar sand oil, coal and the like, may be cracked using the catalyst and method of the present invention. 
Such substantially hydrocarbon feedstock often contains minor amounts of other elements, e.g.. sulfur, nitrogen, oxygen 
and the like. In one aspect, the present invention involves converting a hydrocarbon feedstock containing sulfur and/or 
sulfur chemically combined with the molecules of hydrocarbon feedstock. The present invention is particularly useful 
when the amount of sulfur in such hydrocarbon feedstock is in the range of about 0.01% to about 5%. preferably about 
0.1% to about 3%, by weight of the total feedstock 

Hydrocarbon cracking conditions are well known and often include temperatures in the range of about 454°C (850° 
F.) to about 593°C (1 100° R), preferably about 482°C (900° F.) to about 565.5°C (1050° F). Other reaction conditions 
may include pressures of up to about 7.908 Bar (1 00 psig.) ; catalyst to oil ratios of about 1 to 2 to about 25 to 1 , preferably 
about 3 to 1 to about 15 to 1 ; and weight hourly space velocities (WHSV) of about 3 to about 60. These hydrocarbon 
cracking conditions may be varied depending, for example, on the feedstock and solid particles or combined particles 
being used, the reactor-regenerator system, e.g„ fluid or moving bed catalytic cracking system, being employed and 
the product or products wanted. 
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In addition, the catalytic hydrocarbon cracking system includes a regeneration zone for restoring the catalytic activity 
of the solid particles or combined particles of catalyst previously used to promote hydrocarbon cracking. Carbonaceous, 
in particular sulfur-containing carbonaceous, deposit-containing catalyst particles from the reaction zone are contacted 
with free oxygen-containing gas in the regeneration zone at conditions to restore or maintain the activity of the catalyst 

s by removing, i.e., combusting, at least a portion of the carbonaceous material from the catalyst particles. When the 
carbonaceous deposit material contains sulfur, at least one sulfur-containing combustion product is produced in the 
regeneration zone and may leave the zone with the regenerator flue gas. The conditions at which such free oxygen- 
containing gas contacting takes place may vary, for example, over conventional ranges. The temperatures in the catalyst 
regeneration zone of a hydrocarbon cracking system are often in the range of about 482°C (900° F.) to about 815.5°C 

w (1500° F), preferably about 593°C (1 100° F) to about 732°C (1350° F.) and more preferably about 593°C (1 100° F) to 
about 704°C (1300° F). Other conditions within such regeneration zone may include, for example, pressures up to about 
7.908 Bar (100 psig.), and average catalyst contact times within the range of about 3 minutes to about 75 minutes. 
Sufficient oxygen may be present in the regeneration zone to completely combust the carbon and hydrogen of the 
carbonaceous deposit material, for example, to carbon dioxide and water. However, one advantage of the present inven- 

15 tion is that substantial reduction in sulfur oxide emissions are obtained even when the catalyst regeneration zone is 
operated in a partial combustion mode, i.e., operated with insufficient oxygen to completely combust the carbon and 
hydrogen of the carbonaceous deposit material. The amount of carbonaceous material deposited on the catalyst in the 
reaction zone is preferably in the range of. about 0.005% to about 15%, more preferably about 0.1% to about 10%, by 
weight of the catalyst. The amount of sulfur, if any, contained in the carbonaceous deposit material depends, for example, 

20 on the amount of sulfur in the hydrocarbon feedstock. This deposit material may contain about 0.01 % to about 1 0% or 
more by weight of sulfur. At least a portion of the regenerated catalyst is often returned to the hydrocarbon cracking 
reaction zone. 

The following examples are provided to better illustrate the invention, without limitation, by presenting various specific 
embodiments of the present invention. 

25 

EXAMPLE 1 

A modified perovsWte-type component, having an empirical Lao s MQo.2 rVln0 3l was prepared by the following pro- 
cedure. 

30 A lanthanum nitrate solution was prepared by dissolving 225. 1 7 g. lanthanum nitrate hexahydrate in 1 70 ml. water. 
A magnesium nitrate solution was prepared by dissolving 33.33 g. of the salt in 35 ml. water. 
A manganese nitrate solution was prepared by adding 223.68 g. of a 52 weight percent aqueous solution of the salt 
to 300 ml. water. 

The three solutions were blended in a large vessel, with stirring, while adding 232.85 g. n-butylamine over the course 
35 of 1 .5 hours. The final pH was 9.5. The slurry was stored or aged quiescently for 16 hours, filtered, washed with water, 
washed with ethanol, and dried in vacuo at about 1 15.5°C (240° F) for 16 hours. The dried precipitate was ground to 
pass through a 40-mesh screen and then calcined in flowing air at 732°C (1 350° F.) for 3 hours to yield Discrete Entity I. 

EXAMPLE ll-VI 

40 

The procedure of Example I was repeated, with appropriate changes in the salts employed, to yield the following 
components: 



45 


Discrete Entity II 


MgMnC>3 




Discrete Entity III 


Lao.2 Mgo.s Mn0 3 




Discrete Entity IV 


Lao.s Mgo.2 C0O3 


50 


Discrete Entity V 


Lao.5 Mg 0 .5 C0O3 




Discrete Entity VI 


Lao.8 MQo.2 FeQ 3 



EXAMPLE VII 

55 

Pickup of S0 2 under oxidizing conditions was determined by the following procedure. 

The Discrete Entities I, II, III, IV and V were separately blended with a commercially available crystalline alumino- 
silicate-containing equilibrium fluid catalytic cracking (FCC) catalyst in a f luidized bed reactor to provide a concentration 
of 1 .5 wt. percent of the component. Each blend was then heated to 732°C (1350° F.) under flowing nitrogen. After 0.5 
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hour the nitrogen flow was stopped and nitrogen-diluted air (5.9 volume percent O2) was passed through the fluid bed. 
After 2 minutes, an S0 2 stream was added to provide an S0 2 concentration of 1 .5 volume percent. This treatment was 
maintained for 15 minutes. The S0 2 addition was stopped and the diluted air stream was continued for an additional 4 
minutes. Thereafter the air was stopped and nitrogen was introduced for 10 minutes at 732°C (1350° F). The catalyst 
5 system was then cooled down under nitrogen. The effluent gases were collected in a H 2 0 2 trap and titrated with stand- 
ardized Ba CI 0 4 solution according to EPA method No. 6 to determine the quantity of S0 2 in the effluent stream. Pickup 
of sulfur by the blend was calculated by difference from the total exposure to S0 2 . Results are presented in Table I. 

EXAMPLE VIII 

10 

Each of the blends of Example VII, containing picked-up sulfur, was' subjected to the following procedure. After 
flushing with nitrogen, the fluidized bed was brought to 732°C (1350° F.) and the subject blend was subjected to a 
hydrogen stream for 5 minutes, followed by flushing with nitrogen. 

The S0 2 pickup-H 2 exposure cycle was repeated a number of times with each of the blends. The ability to pickup 
15 sulfur on each cycle is reported in Table I. 

EXAMPLE IX 

The hydrogen effluents, from the tests in Example VIII of the blend employing Discrete Entities IV, were collected 
20 in a standard caustic solution and the amount of sulfur removed from the blend, as a percentage of the sulfur picked up 
in the S0 2 pickup portion of the cycle, was determined. The removal of sulfur in successive cycles is reported in Table If. 

EXAMPLE X 

25 Pickup of sulfur under non-oxidizing conditions was determined by the following procedure. 

Discrete Entities I, IV and VI were separately blended with a commercially available crystalline aluminosilicate- 
containing equilibrium FCC catalyst in a fluidized bed reactor to provide a concentration of 2.0 wt. percent of the modified 
perovskite-type component Each blend was heated to the selected temperature, ranging from 260 (500°) to 732°C 
(1350° F), in a stream of nitrogen and the final conditions were maintained for 0.5 hour. A gas stream containing 1500 

30 ppm of S0 2 was passed through the fluidized bed for 30 minutes. The effluent was collected and analyzed as in Example 
VII. The pickup of sulfur is reported in Table III. 



TABLE I 



SULFUR PICKUP: OXIDATIVE CONDITIONS 


Sulfur Pickup. % of total 
S0 2 


Catalyst Blend 




I 


II 


III 


IV 


V 


Initial 


95 


96 


89 


69 


87 


Cycle 


1 


50 


64 


27 


33 


59 




2 


49 


45 


18 


28 


57 




3 


46 


35 


12 


29 


48 




4 


46 


30 


15 


26 


43 




5 




32 


9 


24 






6 








26 





50 



55 
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TABLE II 



SULFUR REDUCTION 




S0 2 Removal, % 


Cycle 1 


38 


2 


99 


3 


89 


4 


99 



TABLE III 



SULFUR PICKUP: NON-OXI DATIVE CONDITIONS 


Sulfur Pickup, % of total S0 2 


Catalyst Blend 


Temperature, °C (°R) 


I 


II 


IV 


Blank< a > 


260 (500) 




12 






427 (800) 




16 






538 (1000) 




31 






649(1200) 




63 






732(1350) 


52 


83 


36 


8 



^100 wt. percent equilibrium FCC catalyst. 



30 



These results demonstrate that the presently useful metal, oxygen-containing components are effective to pickup 
sulfur dioxide under both oxidative and non-oxidative conditions. In addition, the results show that the picked-up sulfur 
35 can be released from the components at conditions such that absorbed sulfur can be effectively released in the reaction 
zone of a hydrocarbon catalytic cracking zone. 

EXAMPLES XI-XV 

40 Five blends, each similar in composition to a different one of the blends in Example VII, are each used in a conven- 
tional fluid bed catalytic cracking operation to produce gasoline and other lower boiling components from a sulfur-con- 
taining gas oil fraction. Each of the blends is effective to promote the desired hydrocarbon cracking. In each instance 
the catalyst regenerator is operated in both a full combustion mode and a partial combustion mode. In all instances, the 
amount of sulfur oxides emitted to the atmosphere from the catalyst regenerators is reduced relative to similar operations 

45 without the metal, oxygen-containing component. 

While this invention has been described with respect to various specific examples and embodiments, it is to be 
understood that the present invention is not limited thereto and that it can be variously practiced within the range of the 
following claims. 

so Claims 

1 . A hydrocarbon conversion process employing a sulfur-containing hydrocarbon feedstock, which comprises (1 ) con- 
tacting said feedstock with solid particles capable of promoting the conversion of said feedstock at hydrocarbon 
conversion conditions in at least one reaction zone to produce at least one hydrocarbon product and to cause 
55 deactivating sulfur-containing carbonaceous material to be formed on said solid particles thereby forming deposit- 
containing particles; (2) contacting said deposit-containing particles with an oxygen-containing vaporous medium 
at conditions to combust at least a portion of said carbonaceous deposit material in at least one regeneration zone 
to thereby regenerate at least a portion of the hydrocarbon conversion catalytic activitiy of said solid particles and 
to form a regeneration zone flue gas containing sulfur oxides; and (3) repeating steps (1) and (2) periodically; said 
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process using, in intimate admixture with said solid particles, a minor amount of discrete entities having a composition 
different from said solid particles and comprising at least one metal, oxygen-containing component, said discrete 
entities being present in an amount sufficient to reduce the amount of sulfur oxides in said flue gas, characterized 
by said component having an empirical formula selected from the following: 

5 

(1) modified perovskHes A 1 _ x M x B 1 . y M'y03_ z ; 

(2) pyrochlores A 2 B207. W ; and 

(3) modified pyrochlores ^.yM^.vlvl'yOy^ 

10 wherein A is selected from the group consisting of the lanthanide series metals, alkaline earth metals, sodium, 
potassium, cesium and mixtures thereof; M is different from A, B and M' and is selected from the group consisting 
of alkaline earth metals, Group VIII metals, manganese, lead, zinc, thorium, yttrium, cerium and mixtures thereof; 
B and NT are different from each other and are independently selected from the group consisting of Group VIII 
metals, magnesium, titanium, manganese, copper, aluminium, niobium, tantalum, chromium, gallium, zirconium, 

15 vanadium, molybdenum, antimony, bismuth, tin, tungsten and mixtures thereof; x and y are independently in the 
range of 0 to 1 so that the total number of positive charges from A, M, B and M' in empirical formula (1) is within the 
range of about 5 to about 7, u and v are independently in the range of 0 to 2 so that the total number of positive 
charges for A, M, B and M' in empirical formula (3) is within the range of about 12 to about 16, z is in the range of 
about -0.5 to about 0.5 and w is in the range of about -1 to about 1 , provided that not all of x, y and z are zero and 

20 the x and y are greater than 0 and less than 1 in empirical formula (1) and not all of u, v and w are zero in empirical 
formula (3), and further provided that when B is niobium, A is selected from sodium, potassium, cesium and mixtures 
thereof. 

2. The process of claim 1 wherein said conversion comprises hydrocarbon cracking in the substantial absence of 
25 added molecular hydrogen, and said solid particles and discrete entities are fluidizable. 

3. The process of claim 2 wherein said hydrocarbon feedstock contains about 0. 1 % to about 5.0% by weight of sulfur. 

4. The process of claim 2 wherein said solid particles comprise at least one crystalline microporous three dimensional 
30 solid material capable of promoting hydrocarbon cracking at the conditions of step (1). 

. 5. The process of claim 1 wherein said solid particles are separate from said discrete entities. 

6. The process of claim 5 wherein the relative amounts of said solid particles and said discrete entities are about 80 
35 to about 99 and about 1 to about 20 parts by weight, respectively. 

7. The process of daim 1 wherein said solid particles and said discrete entities are both present in combined particles. 

8. The process of claim 7 wherein the relative amounts of said solid particles and said discrete entities are about 80 
40 to about 99 and about 1 to about 20 parts by weight, respectively 

9. The process of claim 1 wherein said component has empirical formula (1 ). 

10. The process of claim 9 wherein x is in the range of about 0.05 to about 0.9. 

45 

1 1 . The process of claim 9 wherein y is in the range of about 0.05 to about 0.9. 

12. The process of claim 9 wherein z is in the range of about 0.01 to about 0.5. 
so 13. The process of claim 9 wherein z is in the range of about 0.05 to about 0.4. 

14. The process of claim 9 wherein x and y are independently in the range of about 0.01 to about 0.99. 

15. The process of claim 9 wherein x and y are independently in the range of about 0.05 to about 0.9. 

55 

16. The process of daim 1 wherein A is selected from the group consisting of lanthanide series metals and mixtures 
thereof, M is selected from the group consisting of alkaline earth metals, cobalt, iron, nickel, manganese and mixtures 
thereof, B is selected from the group consisting of cobalt iron, nickel, ruthenium, titanium, vanadium, manganese, 
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copper, aluminum, chromium, gallium and mixtures thereof; and NT is selected from the group consisting of mag* 
nesium, aluminum, vanadium, the platinum group metals and mixtures thereof. 

1 7. The process of claim 1 wherein said component has a surface area in the range of about 5m2/gm to about 600m2/gm. 
PatentansprQche 

1 . Verfahren zur Umwandlung von Kohlenwasserstoffen unter Verwendung von schwefelhaltigem Kohlenwasserstoff- 
ausgangsmaterial, das die folgenden Schritte umfaBt: 

(1 ) Inkontaktbringen des Ausgangsmaterials mit Feststoffpartikeln, die die Umwandlung des Ausgangsmaterials 
. unter den Bedingungen der Umwandlung der Kohlenwasserstoffe in mindestens einer Reaktionszone begun- 

stigen kdnnen, urn mindestens ein Kohlenwasserstoffprodukt zu erzeugen und eine Desaktivierung des schwe- 
felhaltigen, kohtenstoffhaltigen Materials zu bewirken, das auf den Feststoffpartikeln gebildet wird, wobei 
Ablagerungen enthaitende Partikel gebildet werden. 

(2) Inkontaktbringen der Ablagerungen enthaltenden Partikel mit einem sauerstoffhaltigen, darripffOrmigen 
Medium unter Bedingungen, daB mindestens ein Teil des kohlenstoffhaltigen Ablagerungsmaterials in minde- 
stens einer Regenerierungszone verbrannt wird, um dadurch mindestens einen Teil der katalytischeh Kohlen- 
wasserstoffumwandlungsaktivitat der Feststoffpartikel zu regenerieren und ein schwefeloxidhaltiges 
Regenerierungszonenabgas zu bilden; und 

(3) periodische Wiederholung der Schritte (1) und (2); Verfahren unter Verwendung, in inniger Beimischung mit 
den Feststoffpartikeln, einer geringeren Menge diskreter Stoffe, die eine andere Zusammensetzung als die 
Feststoffpartikel haben und mindestens eine sauerstoffhaitige Metallverbindung enthalten, wobei die diskreten 
Stoffe in einer Menge vorhanden sind, die ausreicht, um die Schwefelaxidmenge im Abgas zu vermindern, 
dadurch gekennzeichnet, daB die besagte Verbindung eine empirische Formel besitzt, die aus den folgenden 
Verbindungen ausgewahlt wird: 

(1) modifizierte Perowskite ^.^S^^A'yO^: 

(2) Pyrochlore A 2 B20 7 . w; und 

(3) modifizierte Pyrochlore A2. u M u B2.vM' v 07. w 

wobei A ausgewahlt ist aus der Gruppe von Lanthariidmetallen, Erdalkalimetallen, Natrium, Kalium, Casium und 
deren Mischungen; M ist verschieden von A, B und M' und ist ausgewahlt aus der Gruppe von Erdalkalimetallen, 
Metallen der Gruppe VIII, Mangan, Blei, Zink, Thorium, Yttrium, Cer und deren Mischungen; B und M' sind verschie- 
den voneinander und sind unabhangig voneinander ausgewahlt aus der Gruppe von Metallen der Gruppe VIII, 
Magnesium, Titan, Mangan, Kupfer, Aluminium, Niob. Tantal, Chrom, Gallium, Zirkon, Vanadium, Molybdan, Anti- 
mon, Wismut, Zinn, Wolfram und deren Mischungen; x und y liegen unabhangig voneinander im Bereich von 0 bis 
1 , so daB die Gesamtzahl der posrtiven Ladungen von A, M, B und M' in der empirischen Formel (1) innerhalb des 
Bereichs von etwa 5 bis etwa 7 liegt; u und v liegen unabhangig voneinander im Bereich von 0 bis 2, so daB die 
Gesamtzahl der positiven Ladungen fur A, M, B und M' in der empirischen Formel (3) innerhalb des Bereichs von 
etwa 12 bis etwa 16 liegt; z liegt im Bereich von etwa -0,5 bis etwa 0,5 und w liegt im Bereich von etwa -1 bis etwa 
1, vorausgesetzt, daB nicht alle Werte x, y und z Null sind und daB x und y in der empirischen Formel (1) grOBer 
als 0 und Weiner als 1 sind und daB nicht alle Werte u, v und w in der empirischen Formel (3) Null sind, und weiterhin 
vorausgesetzt, daB, wenn B Niob ist, A ausgewahlt ist aus Natrium, Kalium, Casium und deren Mischungen. 

2. Verfahren nach Anspruch 1 , wobei die Umwandlung die Kbhlenwasserstoffkrackung in der fast vollstandigen Abwe- 
senheit von zugesetztem molekularen Wasseretoff umfaBt und die Feststoffpartikel und diskreten Stoffe f luidisierbar 
sind. 

3. Verfahren nach Anspruch 2, wobei das Kohlenwasserstoffausgangsmaterial etwa 0. 1 bis etwa 5.0 Gew.-% Schwefel 
enthait. 

4. Verfahren nach Anspruch 2, wobei die Feststoffpartikel mindestens ein kristallines, mikroporOses, dreidimensiona- 
les, testes Material enthalten, das die Kbhlenwasserstoffkrackung unter den Bedingungen von Schritt (1) begunsti- 
gen kann. 

5. Verfahren nach Anspruch 1 , wobei die Feststoffpartikel getrennt von den diskreten Stoffen vorliegen. 
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6. Verfahren nach Anspruch 5, wobei die relativen Mengen an Feststoffpartikeln und diskreten Stoffen etwa 80 bis 
etwa 99 Gew.-Teile bzw. etwa 1 bis etwa 20 Gew.-Teile betragen. 

7. Verfahren nach Anspruch 1 , wobei die Feststoffpartkel und die diskreten Stoffe beide als verbundene Partikel vor- 
s liegen. 

8. Verfahren nach Anspruch 7, wobei die relativen Mengen der Feststoffpartikel und diskreten Stoffe etwa 80 bis etwa 
99 Gew.-Teile bzw. etwa 1 bis etwa 20 Gew.-Teile betragen. 

10 9. Verfahren nach Anspruch 1 , wobei die Verbindung die empirische Formel (1) besitzt. 

10. Verfahren nach Anspruch 9. wobei x im Bereich von etwa 0,05 bis etwa 0,9 liegt 

11. Verfahren nach Anspruch 9, wobei y im Bereich von etwa 0,05 bis etwa 0.9 liegt. 

15 

12. Verfahren nach Anspruch 9, wobei z im Bereich von etwa 0,01 bis etwa 0,5 liegt. 

13. Verfahren nach Anspruch 9, wobei z im Bereich von etwa 0,05 bis etwa 0,4 liegt. 

20 14. Verfahren nach Anspruch 9, wobei x und y unabhangig voneinander im Bereich von etwa 0,01 bis etwa 0,99 liegen. 

15. Verfahren nach Anspruch 9, wobei x und y unabhangig voneinander im Bereich von etwa 0,05 bis etwa 0,9 liegen. 

16. Verfahren nach Anspruch 1 , wobei A ausgew&htt ist aus der Gruppe von Lanthanidmetallen und deren Mischungen. 
25 M ausgewahrt ist aus der Gruppe von Erdalkalimetallen, Cobalt, Eisen, Nickel, Mangan und deren Mischungen, B 

ausgewahlt ist aus der Gruppe von Cobalt, Eisen, Nickel, Ruthenium, Titan, Vanadium, Mangan, Kupfer, Aluminium, 
Chrom, Gaiiium und deren Mischungen; und M' ausgewahrt ist aus der Gruppe von Magnesium, Aluminium, Vana- 
dium, Metallen der Platingruppe und deren Mischungen. 

30 17. Verfahren nach Anspruch 1, wobei die Verbindung eine Oberfiache im Bereich von etwa 5 mz/gm bis etwa 600 
m2/gm aufweist 

Revendications 

35 1. Proc6de de conversion cfhydrocarbures utilisant une charge d'hydrocarbures d 'alimentation contenant du soufre, 
qui comprend (1) la mise en contact de tadrte charge d'alimentation avec des particules soiides capables d'activer 
la conversion de ladite charge d'alimentation dans des conditions de conversion d'hydrocarbures, dans au moins 
une zone r6actionnelle pour produire au moins un hydrocarbure et pour provoquer la d&sactivation de la matigre 
carbon6e contenant du soufre qui se forme sur lesdites particules soiides en donnant ainsi des particules contenant 

40 un d6pdt, (2) la mise en contact desdites particules contenant un d6p6t avec des vapeurs contenant de Toxyggne 
dans des conditions pour la combustion d'au moins une partie du depdt carbon6 dans au moins une zone de rege- 
neration pour r6g6nerer ainsi au moins une partie de I'activite catalytique de conversion d'hydrocarbures desdites 
particules soiides et pour former un gaz de fum6e de zone de regeneration contenant des oxydes de soufre ; et (3) 
la repetition periodique des etapes (1) et (2) ; (edit proc6de utilisant, en melange intime avec lesdites particules 

45 soiides, une petite quantite d'entites distinctes ayant une composition diff6rente de celle desdites particules soiides 
et comprenant au moins un constrtuant m^tallique contenant de I'oxygene, lesdites entites distinctes etant pr6sentes 
en une quantite suff rsarrte pour reduire la quantite d'oxydes de soufre dans ledrt gaz de fumee, caracterise en ce 
que ledit constrtuant repond a une formule empirique choisie entre les suivantes : 

so (1 ) des perovskites modH i6es .J^AJB^ -yM'yO^ ; 

(2) des pyrochlores A 2 B207. W ; et 

(3) des pyrochlores modifies Ag.y M u B2_ V M V 07- W 

formules dans lesquelles A est choisi dans ie groupe consistant en les metaux de la serie de lanthanides, les metaux 
55 alcalino-terreux, ie sodium, le potassium, le cesium et leurs melanges ; M est different de A, B et M' et est choisi 
dans le groupe consistant en les metaux alcalino-terreux, les metaux du Groupe VIII, le manganese, le plomb, le 
zinc, le thorium, Tyttrium, le c6rium et leurs melanges ; B et M' sont cfiff6rents I'un de I'autre et sont choisis inde- 
pendammentdans le groupe consistant en les metaux du Groupe Vlli, le magnesium, le titane, le manganese, le 
cuivre, I'alumjnium, le niobium, le tantale, le chrome, le gallium, le zirconium, le vanadium, le molybdene, I'antimoine. 
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le bismuth, retain, le tungst&ne et leurs melanges ; x et y sont compris ind6pendamment dans I'intervalle de 0 k 1 
de telle sorte que le nombre total de charges positives de A, M, B et M' dans la formule empirique (1 ) soit compris 
dans I'intervalle d'environ 5 k environ 7, u et v sont compris ind6pendamment dans I'intervalle de 0 k 2 de telle sorte 
que le nombre total de charges positives de A, M, B et M' dans la formule empirique (3) soit compris dans I'intervalle 
5 d'environ 1 2 k environ 1 6, z est compris dans Untervalle d'environ -0,5 k environ 0,5 et w est compris dans I'intervalle 
d'environ -1 k environ 1 , sous reserve que x, y et z ne soient pas tous 6gaux k z6ro et x et y soient sup6rteurs k 
z£ro et inf6rieurs k 1 dans la formule empirique (1 ) et que u, v, et w ne soient pas tous Ggaux k z6ro dans la formule 
empirique (3), et sous reserve en outre que lorsque B reprSsente le niobium, A soit choisi entre le sodium, le potas- 
sium, le cesium et leurs melanges. 

10 

2. . Proced6 suivant la revendication 1 , dans lequel la conversion comprend le craquage d'hydrocarbures pratiquement 
en I'absence d'hydrogdne mol6culaire ajoute, et les particules solides et les entites distinctes sont fluidisables. 

3. Proc6d6 suivant la revendication 2, dans lequel la charge d'hydrocarbures d'alimentation content environ 0.1 % k 
is environ 5,0 % en poids de soufre. 

4. Proc6d6 suivant la revendication 2, dans lequel les particules solides comprennent au moins une matiere solide 
tridimensionnelle microporeuse cristalline capable d'activer le craquage d'hydrocarbures dans les conditions de 
l'6tape(1). 

20 

5. Proc6de suivant la revendication 1 , dans lequel les particules solides sont s6par6es des entites distinctes. 

6. Proc6d6 suivant a revendication 5, dans lequel les quantity relatives des particules solides et des entites distinctes 
sont respectivement comprises dans les intervalles d'environ 80 k environ 99 et d'environ 1 k environ 20 parties en 

25 poids. 

7. Proc6de suivant la revendication 1 , dans lequel les particules solides et les entites distinctes sont presentes dans 
des particules mixtes. 

30 8. Proc6d6 suivant la revendication 7. dans lequel les quantites relatives des particules solides et des entites distinctes 
sont comprises respectivement dans les intervalles d'environ 80 k environ 99 et d'environ 1 k environ 20 parties en 
poids. 

9. Proc6d6 suivant la revendication 1 , dans lequel le constituant repond k la formule empirique (1). 

35 , 

10. Proc<§d<§ suivant la revendication 9, dans lequel x est compris dans I'intervalle d'environ 0,05 k environ 0,9. 

11. Proc6d6 suivant la revendication 9. dans lequel y est compris dans I'intervalle d'environ 0,05 k environ 0.9. 
40 12. Proc6d6 suivant la revendication 9, dans lequel z est compris dans I'intervalle d'environ 0,01 k environ 0,5. 

13. Proc6d6 suivant la revendication 9, dans lequel z est compris dans Untervalle d'environ 0,05 k environ 0.04. 

14. Proc&te suivant la revendication 9. dans lequel x et y sont compris ind6pendamment dans I'intervalle d'environ 0.01 
45 k environ 0,99. 

1 5. Proc6d6 suivant la revendication 9, dans lequel x et y sont compris ind^pendamment dans I'intervalle d'environ 0,05 
k environ 0,9. 

so 16. Proc6d6 suivant la revendication 1, dans lequel A est choisi dans le groupe consistant en les m&aux de la s6rie 
des lanthanides et leurs melanges, M est choisi dans ie groupe consistant en les metaux alcalino-terreux. le cobalt, 
le fer, le nickel, le manganese et leurs melanges, B est choisi dans le groupe consistant en le cobalt, le fer, le nickel, 
le ruthenium, le titane, le vanadium, le manganese, le cuivre, I'aluminium, le chrome, le gallium et leurs melanges 
; et M' est choisi dans le groupe consistant en le magnesium, I'aluminium, le vanadium, les metaux du groupe du 

55 platine et leurs melanges. 

17. Precede suivant la revendication 1, dans lequel le constituant a une surface specif ique comprise dans I'intervalle 
d'environ 5 rr^/g k environ 600 m2/g. 
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